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DVWLPHLQFUHDVHV,WLVDVVXPHGWKDWHTXDWLRQ
FDQEHJHQHUDOL]HGVRWKDWWKHLQVWDQWDQHRXVFUHHSFUDFNJURZWKUDWHDWDQ\WLPHLVJLYHQEHORZ
 qtCAa     
ZKHUH$DQGTDUHPDWHULDOFRQVWDQWVJLYHQLQ7DEOH>@
898   J.H. Shi /  Procedia Engineering  130 ( 2015 )  893 – 901 
7DEOH&UHHSFUDFNJURZWKSDUDPHWHUV
 qtCAa    $ T
8%  
%(  
/%  
7KHQ&WLVJLYHQE\WKHIROORZLQJLQWHUSRODWLRQIRUPXOD
 
  »¼
º
«
¬
ª

 


 

q
q
CtC
W
W
   
ZKHUH RkC cref c HV    
ZLWK 
¸
¸
¹
·
¨
¨
©
§
 c
ref
KpR
V
  
7KHUHPDLQLQJSDUDPHWHUVDUHDVIROORZV
N±:HOGUHGLVWULEXWLRQIDFWRU
refV +RPRJHQHRXVUHIHUHQFHVWUHVV
cH &UHHSVWUDLQUDWH
Ĳ1RQGLPHQVLRQDOLVHGWLPHRUVWUDLQVHHHTXDWLRQEHORZ
ec HHW    
ZKHUH cH LVWKHFXUUHQWYDOXHRIDFFXPXODWHGFUHHSVWUDLQZKLFKFDQEHFDOFXODWHGXVLQJWKHIROORZLQJHTXDWLRQJLYHQ
LQ>@
WH[SWH[S  TTTTH   
ZKHUH
ORJșL DLEL7FLıGLı7IRUL WR  
ıLVWKHDSSOLHGVWUHVVLQ03D
WLVWLPHLQVHFRQG
7LVWHPSHUDWXUHLQ.
İLVFUHHSVWUDLQLQDEVROXWHXQLWV
7KHSDUDPHWHUVRIDLWRGLDUHJLYHQLQ7DEOH
,QDQDWWHPSWWRPRGHOXSSHUDQGORZHUERXQGVWUDLQEHKDYLRXUIURPWKHDERYHH[SUHVVLRQWKHPHDQVWUHVVZDV
LQFUHDVHGDQGGHFUHDVHGE\SHUFHQW
eH LVWKHHODVWLFVWUDLQFRUUHVSRQGLQJWR refkV JLYHQE\
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,QRUGHUWRHQVXUHWKDWWKHDVVHVVPHQWUHVXOWVDUHVHQVLEOHWKHQRQGLPHQVLRQDOFUDFNYHORFLW\ȜVKRXOGEHVKRZQ
WREHOHVVWKDQ>@
cref ERa HVO  
   
$QDSSOLFDWLRQH[DPSOH
4.1. Elbow geometry and input data 
7KH EHQG ZHOG ZLWK DQ LQWHUQDO GLDPHWHU RI PP LV ORFDWHG LQò&Uò0Ró9 µò&09¶ SLSHZRUN ZLWK
ó&U0RZHOGPHWDO7KHZDOOWKLFNQHVVRIWKHZHOGDVVHVVHGLVPP
7KHDVVHVVPHQWFRQGLWLRQVDUHDVIROORZV
x ,QWHUQDOQRUPDORSHUDWLQJSUHVVXUHIDXOWSUHVVXUHDQGF\FOLFSUHVVXUHDUH03D03DDQG03D
UHVSHFWLYHO\
x 7KHHTXLYDOHQWV\VWHPPRPHQWLVN1P
x 7KHEHQGUDGLXVLVPP
x 1RUPDORSHUDWLQJWHPSHUDWXUHWRKRXUVIXWXUHRSHUDWLRQDQGIDXOWWHPSHUDWXUHDUH&&DQG
&UHVSHFWLYHO\
x ,QVSHFWLRQWLPHKRXUV
x 7KHFUDFNLQLWLDWLRQWLPHLVDVVXPHGWREHî KRXUV
x &UHHSFUDFNJURZWKDIWHUWKHLQVSHFWLRQKRXUV
x $SRVWXODWHGVHUYLFHLQLWLDWHGH[WHUQDOFLUFXPIHUHQWLDOVHPLHOOLSWLFDOGHIHFWZLWKDQLQLWLDOGHIHFWRIPPGHHS
E\PPORQJDWWKHLQVSHFWLRQWLPHRIKRXUVDQGWKHDVSHFWUDWLRLQLWLDOGHIHFWGHSWKGHIHFWKDOI
OHQJWKLV
7KHZHOGLQJUHVLGXDOVWUHVVLVWKHVDPHDVWKDWXVHGLQ>@DWKURXJKZDOOEHQGLQJVWUHVVRI03D
4.2. Material properties 
7KHSLSHHOERZDVVHVVHGLVORFDWHGLQò&Uò0Ró9µò&09¶SLSHZRUNWR%6+)6>@
7KHUPDO DJHG ORZHU ERXQGSURSHUWLHV DUH DVVXPHG IRU WKH5 FDOFXODWLRQ)RU WKH5 DVVHVVPHQW DSSURSULDWH
FRPELQDWLRQVRIFUHHSGHIRUPDWLRQDQGFUHHSFUDFNJURZWKXVHGLQWKHDQDO\VLVDUHDVIROORZV
8SSHUERXQG8%FUHHSFUDFNJURZWKZLWKORZHUERXQG/%FUHHSVWUDLQ
%HVWHVWLPDWH%(FUHHSFUDFNJURZWKZLWKEHVWHVWLPDWHFUHHSVWUDLQ
/RZHUERXQG/%FUHHSFUDFNJURZWKZLWKXSSHUERXQGFUHHSVWUDLQ
7KHFUHHSFUDFNJURZWKSDUDPHWHUVJLYHQLQ7DEOHKDYHEHHQXVHGLQWKHDQDO\VLV
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4.3. R6 limiting defect assessment results 
7KHOLPLWLQJGHIHFWGHSWKGHILQHGDVKDYLQJDUHVHUYHIDFWRURIXQLW\XQGHUIDXOWORDGLQJDQGDVVXPLQJORZHUERXQG
PDWHULDOSURSHUWLHVZDVFDOFXODWHGXVLQJWKHSURFHGXUHLQ55HYLVLRQ>@7KHJHQHUDO2SWLRQIDLOXUHDVVHVVPHQW
GLDJUDPJLYHQLQ5DVVKRZQLQ)LJXUHZDVXVHG
7KHSODVWLFLW\FRUUHFWLRQIDFWRUȡZDVFDOFXODWHGXVLQJWKHVLPSOLILHGURXWHJLYHQLQ5&KDSWHU,,6HFWLRQ,,
7KHDVVHVVPHQWZDVFDUULHGRXWXVLQJWKHUPDODJHGORZHUERXQGWHQVLOHSURSHUWLHVDQGLQLWLDWLRQIUDFWXUHWRXJKQHVV
DPRQJSDUHQWZHOGDQGKHDWDIIHFWHG]RQH+$=PDWHULDOV,IDGHIHFWRIGHSWKHTXDOWRWKHVWUHVVLQWHQVLW\IDFWRU
YDOLGLW\OLPLWLVVWDEOHLHDVVHVVPHQWSRLQWOLHVLQVLGHWKH5IDLOXUHDVVHVVPHQWOLQHWKHQWKHOLPLWLQJGHIHFWGHSWK
LVWDNHQWREHHTXDOWRWKHYDOLGLW\OLPLW
8VLQJWKHORFDOFROODSVHVROXWLRQGHWDLOHGLQ6HFWLRQWKHERXQGLQJOLPLWLQJGHIHFWGHSWKFDQEHGHWHUPLQHGDFURVV
DOODVVHVVPHQWSHUPXWDWLRQVFRQVLGHULQJVWHSV±GHVFULEHGLQ6HFWLRQDERYHLQHDFKFDVHLQSODQHSRVLWLYH
DQGQHJDWLYHEHQGLQJPRPHQWRXWRISODQHLQWHUQDODQGH[WHUQDOGHIHFWVD[LDODQGFLUFXPIHUHQWLDOGHIHFWV
)RUWKLVH[DPSOHWKHOLPLWLQJGHIHFWVL]HREWDLQHGLVPP5HIHUHQFHVPXVWEHOLVWHGDWWKHHQGRIWKHSDSHU
'RQRWEHJLQWKHPRQDQHZSDJHXQOHVVWKLVLVDEVROXWHO\QHFHVVDU\$XWKRUVVKRXOGHQVXUHWKDWHYHU\UHIHUHQFHLQ
WKHWH[WDSSHDUVLQWKHOLVWRIUHIHUHQFHVDQGYLFHYHUVD,QGLFDWHUHIHUHQFHVE\>@RU>@LQWKHWH[W
6RPHH[DPSOHVRIKRZ\RXUUHIHUHQFHVVKRXOGEHOLVWHGDUHJLYHQDWWKHHQGRIWKLVWHPSODWHLQWKHµ5HIHUHQFHV¶
VHFWLRQZKLFKZLOODOORZ\RXWRDVVHPEOH\RXUUHIHUHQFHOLVWDFFRUGLQJWRWKHFRUUHFWIRUPDWDQGIRQWVL]H
4.4. R5 crack growth results 
,WKDVEHHQIRXQGIURP6HFWLRQWKDWVWUHVVHVIRURXWRISODQHORDGLQJVKRXOGEHXVHGLQWKHFUHHSFUDFNJURZWK
DQDO\VLV
7KHFUHHSFUDFNJURZWKDVVHVVPHQWKDVEHHQSHUIRUPHGXVLQJWKH5PHWKRGRORJ\>@GHWDLOHGLQ6HFWLRQ7KH
DQDO\VLVLVWHUPLQDWHGZKHQWKHFUDFNGHSWKUHDFKHVWKHFULWLFDOGHIHFWGHSWKRIPPDVREWDLQHGLQ6HFWLRQ
DERYHWKHHQGRIWKHDVVXPHGIXWXUHRSHUDWLQJSHULRGLVUHDFKHGRUWKHFUHHSUXSWXUHGDPDJHUHDFKHV
5HSHDWWKHDERYHDVQHFHVVDU\IRUWKHYDULRXVPDWHULDOVFRPELQDWLRQVVXFKWKDWDERXQGLQJDVVHVVPHQWLVIRXQG
7KHERXQGLQJFUHHSFUDFNJURZWKLVVKRZQLQ)LJXUHDQGWKHILQDOFUDFNGHSWKUHDFKHVPPWKHOLPLWLQJ
GHIHFWGHSWKRSHUDWLQJKRXUVDIWHUWKHLQVSHFWLRQZKLFKPHDQVWKDWWKHHOERZZHOGFDQEHVDIHO\LQVHUYLFH
IRUDQRWKHUKRXUV7KHERXQGLQJUHVXOWLVREWDLQHGLQKHDWDIIHFWHG]RQH+$=RIWKHZHOGIRUWKHFRPELQDWLRQ
RI/%FUHHSGHIRUPDWLRQDQG8%FUHHSFUDFNJURZWK
'LVFXVVLRQVDQGFRQFOXVLRQV
$ORFDOFROODSVHVROXWLRQIRUGHIHFWLYHHOERZHQGZHOGVKDVEHHQGHULYHGLQWKLVSDSHUEDVHGRQWKHHOERZVWUHVVHV
FDOFXODWHGIURP>@DQGWKHFUDFNGULYLQJIRUFH-YDOXHVREWDLQHGDFFRUGLQJWR5
7KHSURSRVHGORFDOFROODSVHVROXWLRQLVFRPSOH[GXHWRWKHFRPSOH[LW\RIEHQGV\VWHPORDGVDQGVWUHVVGLVWULEXWLRQV
7KHOLPLWLQJGHIHFWGHSWKKDVEHHQFDOFXODWHGXVLQJWKHZHOONQRZQGHIHFWDVVHVVPHQWSURFHGXUHV5DQGWKHFUHHS
FUDFNJURZWKKDVEHHQFRQGXFWHGXVLQJ5WRSUHGLFWWKHSODQWUHPDLQLQJOLIHXVLQJWKHSURSRVHGORFDOFROODSVHVROXWLRQ
)RUWKHHOERZJHRPHWU\DVVHVVHGDQGORDGVFRQVLGHUHGWKHILQDOFUDFNGHSWKUHDFKHVPPWKHOLPLWLQJGHIHFW
GHSWKKRXUVDIWHUWKHLQVSHFWLRQZKLFKPHDQVWKDWWKHHOERZZHOGFDQEHVDIHO\LQVHUYLFHIRUDQRWKHU
KRXUV7KHERXQGLQJUHVXOWLVREWDLQHGLQ+$=RIWKHZHOGIRUWKHFRPELQDWLRQRI/%FUHHSGHIRUPDWLRQDQG8%FUHHS
FUDFNJURZWK
5HIHUHQFHV
>@ (')(QHUJ\*HQHUDWLRQ/WG$VVHVVPHQWRIWKHLQWHJULW\RIVWUXFWXUHVFRQWDLQLQJGHIHFWV55HYLVLRQ$PHQGPHQW
>@ (')(QHUJ\*HQHUDWLRQ/WG$VVHVVPHQW3URFHGXUHIRUWKH+LJK7HPSHUDWXUH5HVSRQVHRI6WUXFWXUHV5,VVXH
>@ 0LOOHU$*5HYLHZRI/LPLW/RDGVRI6WUXFWXUHV&RQWDLQLQJ'HIHFWV,QWHUQDWLRQDO-RXUQDORI3UHVVXUH9HVVHOVDQG3LSLQJ9RO
SS
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>@ *ULIILWKV-(7KHHIIHFWRIFUDFNVRQ WKH OLPLW ORDGRISLSHEHQGVXQGHU LQSODQHEHQGLQJH[SHULPHQWDOVWXG\,QWHUQDWLRQDO-RXUQDORI
0HFKDQLFDO6FLHQFHV9ROSS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
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9RO(OHFWULF3RZHU5HVHDUFK
,QVWLWXWH
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DSDUDPHWULFVWXG\RIWKHLQIOXHQFHRIFUDFNVL]HRQOLPLWORDGV
GXHWRSUHVVXUHDQGRSHQLQJEHQGLQJ-6WUDLQ$QDO\VLV9ROSS
>@ <DKLDRXL.0RIIDW'*0RUHWRQ'13LSLQJHOERZVZLWKFUDFNV3DUWJOREDOILQLWHHOHPHQWDQGH[SHULPHQWDOSODVWLF ORDGVXQGHU
RSHQLQJEHQGLQJ-6WUDLQ$QDO\VLV9ROSS
>@ <DKLDRXL.0RUHWRQ'10RIIDW'*(YDOXDWLRQRIOLPLWORDGGDWDIRUFUDFNHGSLSHEHQGVXQGHURSHQLQJEHQGLQJDQGFRPSDULVRQVZLWK
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>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